(259 mg, 1.02 mmol) and an aqueous solution (2 ml) of potassium iodide (169 mg, 1.02 mmol). After the mixture was stirred at room temperature for 3 h, water was added. The resulting precipitate was collected by filtration, washed with water, and dried to give 5-bromo-3-iodoindole (4) (315.8 mg, quant.) as a beige solid, which was used for the following reaction without purification because of its instability; EIMS 
3-Acetoxy-5-bromoindole (5).
Silver acetate (327.6 mg, 1.96 mmol) was added to a solution of 4 (315.8 mg, 0.98 mmol) in acetic acid (8 ml). After stirring at 90°C for 1 h, the mixture was cooled to room temperature and filtrated. The filtrate was evaporated to dryness under reduced pressure. The residue was chromatographed on silica gel with dichloromethane (CH 2 Cl 2 ) to give 3-acetoxy-5-bromoindole (5) 
5,5'-Dibromoindigo (1).
To a solution of 5 (560 mg, 2.2 mmol) in ethanol (50 ml) was added aqueous 1 M sodium hydroxide (40 ml). After the mixture was stirred at room temperature for 2 h, water was added. As shown in Scheme S2, Suzuki-Miyaura cross-coupling reaction was used to synthesize 5-phenylindole (7) in the first step, and similar methods to preparing 1 were applied to synthesize 2.
5-Phenylindole (7)
. An aqueous solution of sodium carbonate (6 ml of a 1 M solution, 6 mmol) and tetrakis(triphenylphosphine)palladium(0) (Pd(PPh 3 ) 4 ) (51.3 mg, 0.044mmol) in 1:1 toluene-ethanol (6 ml) were added to a solution of 3 (500 mg, 2.55 mmol) and phenylboronic acid (6) (621.8 mg, 5.1 mmol) in 1:1 toluene-ethanol (6 ml), and the resulting mixture was heated at reflux under nitrogen for 24 h. Pd(PPh 3 ) 4 (51.3 mg, 0.044 mmol) in 1:1 toluene-ethanol (6 ml) was added, and reflux was continued under nitrogen overnight. After the mixture was cooled, the solvent was removed by evaporation and the resulting residue was purified by chromatography on silica gel with 9:1 hexane-ethyl acetate to give 7 (340 mg, 69% 
5,5'-Diphenylindigo (2).
To a solution of 9 (469.8 mg, 1.87 mmol) in ethanol (55 ml) was added aqueous 1 M sodium hydroxide (110 ml). After the mixture was stirred at room temperature for 2 h, water was added. 
Thermo Gravimetric-Different Thermal Analysis (TG-DTA)
In order to improve efficiency in the vacuum-deposition method, TG-DTA was measured to determine the decomposition temperature and thermal stability of the indigo derivatives. TG-DTA was measured by using Rigaku Themo Plus EVO II TG/DTA 8120/H. The measurements were carried out under N 2 atmosphere at 25°C-800°C at a heating rate of 10°C min -1 . Figure S1 . TG-DTA curves of a) 1 and b) 2 heated to 800 °C in N 2 atmosphere at a heating rate of 10°C min -1 .
DTA curves of 1 and 2 ( Figure S1 ) show endothermic peaks starting at about 300°C, and clear endothermic peaks around 450°C and 540°C, respectively. The TG curves
show that 1 loses 90% of its starting mass when it is heated up to 800°C, and the temperature of 5% mass loss is 390°C. Compound 2 affords higher thermal stability of 420°C with lower mass loss of 40% than 1 at 800°C. Compounds 1 and 2 exhibit no exothermic melting peaks because these molecules decompose before melting. In addition, 2 is expected to need a higher temperature than 1 to be evaporated due to the decomposition behavior and the thermal stability. This is reflected to the sublimation temperatures of 1 and 2, 330 and 350°C, respectively.
Cyclic Voltammetry (CV) and Ultraviolet-Visible Spectroscopy (UV-Vis)
CV and UV-Vis was measured to determine the HOMO/LUMO levels and energy gaps of the indigo derivatives as shown in Figure S2 and S3. CV scan curves of 1 and 2 solutions were collected on Bi-Potentionstat ALS/DY2323 using Ag in 0. Figure S3 . Optical absorption spectra of 1 (blue) and 2 (red).
Model of Ambipolar Transistors
Operation of ambipolar transistors has been investigated since the era of a-Si transistors, [S1,S2] but ordinary formulas do not consider the presence of unipolar saturated regions, [1,19,S3] which appear due to the difference between the electron (V TH ) and hole (V TH ') threshold voltages. We show here most general formulas of ambipolar transistors.
When V TH = 0, characteristics of an n-channel unipolar transistor ( Figure S4(a) ) is obtained from the standard gradual channel operation.
[S4]
Here the source-drain voltage, V DS , and the source-gate voltage, V GS , are both positive. This is the standard formula for the linear region (V DS < V GS ). In the saturated region (V DS > V GS ), the integration is limited to 0 < V < V GS ( Figure S4(b) ), and the standard formula for the saturated region,
is obtained. In an ambipolar transistor, hole is injected from the drain, whose contribution is represented by the gradual channel approximation in V GS < V < V DS ( Figure S4(b) ).
If the electron-hole recombination occurs immediately, [S5] the current in the ambipolar region is given by the sum of these two.
This equation smoothly connects to Equation S1 at V GS = V DS . In an ambipolar transistor, we have to consider the reversed region, V GS < 0 < V DS ( Figure S4(c) ), where hole is the unique carrier. Since this is another linear region, the gradual channel approximation affords,
where V GS < 0 is used. This equation has an opposite sign to Equation S1, but in the output characteristics, this equation does not saturate at large V DS because the coefficient of V DS 2 is positive. Figure S4 . Potential distribution in an n-channel transistor.
A typical transfer characteristics derived from these equations are depicted in Figure   S5 . From large V GS to small V GS , the linear region (V GS > V DS ) represented by When we consider V TH and V TH ', we can divide the operation regions as shown in Figure 1 , where the potential distribution is depicted in Figure S6 
Crystal Structures
Crystals grown by the nitrogen flow method were used for the X-ray single crystal structure analyses (Table S1 ). The diffraction data of 1 were collected by a Rigaku four-circle diffractometer (AFC-7R) with graphite-monochromatized Mo-Kα radiation (λ = 0.71069 Å). The X-ray oscillation photographs of 2 were taken using a RIGAKU R-AXIS RAPID II imaging plate with Cu-Kα radiation from a rotation anode source with a confocal multilayer X-ray mirror (RIGAKU VM-Spider, λ = 1.54187 Å). The structures of 1 and 2 were solved by the direct method (SIR2008) and refined by the full matrix least-squares procedure (SHELXL). [S6,S7] Anisotropic thermal parameters were adopted for all non-hydrogen atoms. Table S1 . Crystallographic data of 1 and 2. Figure S8 . [S8] HOMO and LUMO of 2 calculated by AM1 are shown in Figure S9 . [S9] Geometry optimization based on both B3LYP/6-31G(d,p) [S8] and AM1 [S9] indicates that phenyl planes are considerably tilted with respect to the central indigo plane, as observed in the actual crystal structure. The transfer integrals, t i , listed in Figure 2 and 3 captions were estimated from the intermolecular overlap integrals, S i as t i = E × S i by assuming the energy level E to be -10 eV.
[S10] Figure S8 . HOMO and LUMO of Tyrian purple and 1.
[43] Figure S9 . a) HOMO and b) LUMO of 2.
Device Fabrication and Thin Film Properties
The transistors were prepared by using a commercially available heavily doped n-type Si wafer with 300 nm SiO 2 insulator (ε = 3.9 and the capacitance of 11.5 nF cm -2 ) as a gate. [S11] A passivation layer of TTC was evaporated (ε = 2.5 and 20 nm thickness with the capacitance of 106 nF cm -2 ), 11 and the resulting overall capacitance of the gate dielectric was 10.4 nF cm -2 . Transistors on a PEN substrate were prepared by using PEDOT:PSS as a gate. A PEDOT:PSS film was spin-coated through a layer-by-layer process [S12] from a 5wt% DMSO solution containing 0.5wt% fluorosurfactant Zonyl. A Parylene C film was evaporated (ε = 3.1 and 900 nm thickness with the capacitance of 2.2 nF cm -2 ), [S13] and the resulting overall capacitance of the gate dielectric was 3.6 nF cm -2 . Then the indigo derivatives (45 nm) were deposited at a rate of 0.1 Å s were taken by an SII scanning probe microscope system SPI3800N and SPA-300 by using a Si 3 N 4 cantilever. X-ray diffraction analyses of thin films of 1 (45 nm), 2 (75 nm) on TTC (20 nm)|SiO 2 substrates, and 2 (45 nm) on a Parylene C (900 nm)|PEN substrate were performed by X'pert-Pro-MRD using the θ -2θ technique with Cu-Kα radiation for 2° ≤ 2θ ≤ 50°.
Device Air Stability
Stability of indigo transistors after prolonged air exposure has been reported in Ref.
[23]. We have found ambipolar operation of 1 even under ambient conditions ( Figure   S10 ), though the maximum mobilities are decreased to µ h /µ e = 0. Figure S11 ). 
